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During 1975 several shipboard expendable bathythermograph surveys plus satellite infrared imagery 
provided a nearly synoptic view of the distribution and number of Gulf Stream rings in the western North 
Atlantic. Twelve rings were identified; nine were cyclonic (cold core) rings •. nd three were anticyclonic 
(warm core) rings. This is the largest number of rings ever observed during a short period of time (4 
months). Evidence suggests that the mean movement of these rings was southwestward. 
INTRODUCTION 
Gulf Stream rings formed from large, 200- to 300-km diame-
ter, meanders are an important part of the Gulf Stream system 
[Fuglister, 1972, 1977; Parker, 1971; Barrett, 1971; Saunders, 
1971]. The formation of rings provides the dominant mecha-
nism by which mass, momentum, vorticity, energy, and chem-
ical and biological material are transported northward across 
the Gulf Stream into the slope water and southward into the 
Sargasso Sea. The intensity and the relatively long life (up to 2 
years) of cold core rings [Fuglister, 1972, 1977; Cheney and 
Richardson, 1976; Lai and Richardson, 1977] suggest that they 
probably have a significant effect on the region where they are 
found. 
During 1975 we were fortunate to have three ships measur-
ing the thermal structure of a large part of the western North 
Atlantic during a 4-month period. When the results of these 
cruises are combined with data obtained from the National 
Oceanographic Data Center (NODC) and satellite infrared 
(IR) images, we are able, for the first time, to determine the 
distribution and number of rings in the western North Atlantic 
and to map the temperature structure of this region in consid-
erable detail. Repeated observations of many of these rings 
have provided a measurement of their long-term, westward 
trajectories. 
DATA 
The primary data source was four large-scale expendable 
bathythermograph (XBT) surveys in the western North Atlan-
tic during 1975. They were the following: Knorr 48, March 7 to 
April 16; Knorr 49, April21 to May 19; Trident 168, May 24 to 
June II ; iind Lynch 708-75, June 22 to July 9. Deep (760 m) 
XBT's and some conductivity, temperature, depth (CTD) and 
hydrographic stations were made along the track lines of each 
of these cruises. Although the purpose of the first two cruises 
was not a -search for rings, several large rings were found in the 
eastern region [McCartney et a/., 1978]. Results of these two 
cruises were particularly interesting as the rings were discov-
ered in an area previously thought to be devoid of them 
[Parker, 1971]. The purpose of the two subsequent cruises was 
to find as many rings as possible in the western region and to 
measure their size and shape. 
Data from these cruises plus all additional XBT's and hy-
1 Now at NASA Goddard Space Flight Center, Greenbelt, Mary-
land 20771. 
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drographic data on file at NODC for the period March-
August 1975 were plotted on maps covering successive 2-week 
periods. The location of the Gulf Stream and rings near it that 
were visible on NOAA satellite infrared imagery were added to 
the maps and used to fill in areas lacking ship observations. 
There was a significant amount of overlap between surveys, 
and some major features (meanders, rings) were observed on 
several of them. A final composite map (Figure I ) was pre-
pared from the biweekly maps; it covers a 4-month period 
from March 10 to July 9, 1975. 
Topography of the I5°C isotherm was chosen in o rder to 
describe the Gulf Stream and rings. This isotherm extends 
from the sea surface in the north to a depth of about 800 m just 
south of the Gulf Stream, and this range is well covered by 
760-m XBT's. In the North Atlantic the average depth of the 
l5°C surface lies about 250m shallower than the 10°C surface 
which was contoured by Iselin [1936] and Fuglister [1963]. The 
l5°C surface lies within the main thermocline, and because of 
the linear TS relation and nearly constant vertical temperature 
gradient in the main thermocline, contours representing to-
pography of the 15° surface have a pattern similar to that o f 
dynamic height contours. However, the reader must be cau-
tioned that a depression of the 15° surface is dynamically 'high' 
and a n elevation of the 15° surface is dynamically 'low.' 
Another chart portraying the 'mean' 15° isothermal topog-
raphy was prepared (Figure 2) to show the mean shape of the 
Gulf Stream and subtropical gyre. The chart was based on the 
mean temperature maps of Lai (1977] and Lai and Richardson 
[ 1977] in which ring observations were excluded. The effect of 
including rings in such a map is shown by Dantzler (1977] and 
shifts the center of the gyre (or the location where the 15° 
isotherm reaches its greatest depth) to the south. 
Observations of each ring are given in Table I. Topography 
of the 15° surface in each ring and vertical temperat ure sec-
tions through each of the major features are shown in Figures 
3 and 4. 
An attempt was made to determine the trajectories of each 
ring, and the results are shown in Figure 5. The method 
described by Lai and Richardson (1977] was used. The move-
ment of warm core rings was determined chiefly from analyses 
of satellite IR images (NA VOCEANO, 1975; NOAA / NESS, 
1975; NOAA / NWS, 1975]. The movement of cold core rings 
was obtained from many different methods including XBT and 
AXBT surveys, Sofa r floats, satellite drifters, and satellite IR 
images. A list of positions of the cold core rings is given in 
Table 2. 
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Fig. Ia. Chart of the topography of the 15" isothermal surface showing the Gulf Stream and nine cyclonic and three 
anticyclonic rings. Contours are based on XBT, CTD, and hydrographic data over the period March 16 to July 9, 1975. 
Contours in two anticyclonic rings north of the Gulf Stream and in portions of the Gulf Stream are based on satellite 
infrared imagery. 
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RESULTS 
The Gulf Stream is characterized by an abrupt north-south 
deepening of the !5° isotherm from 100 m in the slope water 
region to 700 min the Sargasso Sea (Figure Ia). Thus the Gulf 
Stream can be seen as _a meandering zone about 100 km wide 
extending from the F lorida Straits to ss•w. Southeastward of 
the Gulf Stream the thermocline gradually rises again as part 
of the Gulf Stream recirculation [Worthington, 1977]. The 
40' 
35' 
./ 
/ 
.JS ( 
I 
o\ 
1 30' 
. . "(±)• 
. . .. ~,:.=;;_:.: .::" B 
. ..· III 
25 MAY-
2 JUNE 
. ! II 
. . ........ . ... ..... .. .... ; 25 - 28 APRIL 
I 
(])
. 16 MARCH· 
5 APRIL 
iH 
~ f:\1 : ...... v 
'~J.-25•L_-==a'="o·:-- ---:d:75~' -------::7!=-o, ...-----s:l=s-=-· ------='soi:-:,------:5:.1:-5,=---__J 
Fig. lb. Location and d ates of the observations. 
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Fig. 2. Mean topography of the 15° isothermal surface exclusive of ring observations. This figure is based on 
temperature maps prepared by Lai [1977] and Lai and Richardson [1977] with data from 1970-1974. The center of the gyre 
(deepest spot) is located near 36°N, 72°W. 
a reas north and south of the Gulf Stream a re populated by 
intense rings ma nifested as elevations and depressions. Three 
anticyclonic warm core rings (mani fested by depression of the 
15° isotherm) a re found north of the Gulf Stream, and nine 
cyclonic cold core rings (manifested by elevation at the 15° 
isotherm) are found south of it. Because of limited data in 
some regions (Figure lb) it is possible that there are a few 
additional ri ngs that were not observed. Immedia tely south of 
the Gulf Stream and between rings, there are a number of deep 
depressions in the thermocline, indicating anticyclonic circula-
tion. 
Gulf Stream 
The G ulf Stream forms a meander along 62°W and a mean-
der/ ring along 57 °W. A careful examination of satellite IR 
and XBT data suggests the following sequence of events. The 
62° W meander fo rmed when an earlier warm core ring coa-
lesced with the Gulf Stream in early March. This meander 
fo rmed another warm core ring by mid-April which moved 
westward a nd is shown as ring K in late June. Although the 
G ulf Stream configuration along 57° W suggests that a warm 
ring is forming, subsequent IR data indicate t hat this ring did 
TABLE I. Observations of the 12 Rings 
Depth a t 
Center Approxi-
ofl5° Si ze of 15° mate Location 
Isotherm, Isotherm at Overall 
Ring m 500 m, km Size, km ON ow Date, 1975 Da ta Source 
A 330 70 180 28.6 78.4 May26 Tridem 168 
B 458 50 200 31.3 74.2 June I Trident 168 
c 480 50 180 34.6 73.3 July 2 Lynch 708- 75 
D 204 120 220 35.4 68.6 J une 25 Lynch 708-75" 
E 408 60 150 36.7 66.5 J une 28 Lynch 708- 75 
F 203 105 250 34.1 64.4 July 5 Lynch 708-75 
G 465 80 X 220? 250 35.8 59.5 March 24 Knorr 48• 
H 385 130 200 35.3 56.5 March 25 Knorr• 
I 407 85 X 135? 160 30.5 56.5 April3 Knorr 
J 518 45 120 39.0 7 1.0 June 29 Lynch 708-75d 
K 110 39.5 67 .4 June 29 NOAA IR' 
L 160 4 1.1 59.0 March 19 NOAA IR1 
For rings G , H, and I, suffi cien t da ta were not available to verify that the center had been crossed; the 
size and shape are thus in question. Approximate overall size was estimated from the diameter at which 
the isotherms began to become level (Figures 3 an d 4) or from satellite imagery for rings K and L. 
• Ring A of McCarmey eta/. [ 1978]. 
0 Ring B of M cCartney eta/. [1978]. 
• Ring C of M cCartney et a/. [ 1978]. 
dRing 6 of Bisagni [1976]; see also Gulf Stream, December 1975. 
•Ring 8 o f Bisagni [1976] . 
' Ring 10 of Bisagni [1976]. 
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Fig. 3. Detailed maps of each ring showing the topography of the 15° surface in hectometers. Dots represent XBT's, 
triangles represent CTD or STD stations, and squares represent hydrographic casts. Rings A , B, D, E, F, and J are well 
surveyed rings, and rings C, G. H, and I are poorly surveyed rings. 
not completely separate and that there continued to be a large 
meander in this region at least until July 1975. It is possible 
that a ring did detach in this region but that it remained 
undetected. 
Frequently, with closely spaced XBT sections, one can see 
what resembles a depressed trough, a maximum in the depths 
of isotherms, on the offshore side of the Gulf Stream (Figure 
4a). This trough marks the location where currents reverse 
direction from the eastward flow of the Gulf Stream to the 
westward flow of the recirculation. Occasionally, there are 
deep depressions in the thermocline significantly deeper than 
the usual trough. An example of one is located near 36°N and 
n•w where the l5°C depth reaches 810 m (Figure 4a, section 
3). Occasionally, cold core rings, especially young ones, also 
appear to have a sma ll depressed trough in the thermocline 
near their outer edges (Figure 4a, rings D and H). A possible 
explanation is that when cold core rings form from a meander, 
this trough detaches with the ring. The deep depressions may 
reflect the coincidence of troughs associated with the Gulf 
Stream and rings . Apparently, it is above those deep depres-
sions that much of the renewal of the l8°C water [Worth-
ington. 1959] takes place. On Knorr cruise 65 in April 1977 we 
found a deep depression with l5 °C at 845 m located near 
34.4°N, 71.3°W. Above this spot was a vertica lly homoge-
n~ous water mass with a temperature of 18.4 •c extending 
from the surface to 500 m. It had apparently jus.t formed 
during the winter of 1976-1977 [Leetmaa, 1977; Worthington, 
1977]. This deep spot was centered between three cyclonic 
rings. Later, in December 1977, an especially deep spot was 
measured from the Endeavor by XBT (W. G. Metcalf, personal 
communication, 1977). Eighteen-degree water was observed to 
extend to 825 m near 34.0°N, 68.s•w. Although the 15 ° 
isotherm was not reached, its depth was estimated to be 1000 
m from the vertical temperature gradient between 15° and 18 • 
near this location and time. 
Rings 
Nine cold core rings, three warm core rings, and one ring/ 
meander were found in this study. Of the cold core rings, A, 8 , 
D, E, and F were adequately sampled to determine reasonable 
estimates of their size and shape (Table 2, Figure 3). The 
others, C, G. H, and I, were not sampled well, and the con-
touring is largely conjectural. Although C, G , H, a nd I all 
clearly appear to be rings, we suspect that the XBT sections 
did not pass through their centers and thus their intensity 
could be underestimated . Of the warm core rings, only J was 
well surveyed by XBT. The others K and L, were repeatedly 
observed with satellite IR images, although there were no 
XBT's to document the temperature structure. Contours (Fig-
ure I) were drawn consistent with the I R data a nd sections 
through other warm core rings. Occasionally, the water in a 
warm core ring can be cooled below l5°C during the winter, 
and if this should occur, the ring would not appear on a 
contoured 15° surface. The evidence suggests that ring M 
never completely separated from the Gulf Stream and re-
mained part of a mea nder at least unti l July 1975. 
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Fig. 4a. Vertical temperature sections through the Gu lf Stream and rings based on X BT data. Letters A- 1 refer to 
individual rings. 
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Fig. 4b. Location of XBT sections. 
The character of the cold core rings east of about 60°W 
appears to be different from that of the rings to the west 
(Figures 3 and 4 ). The western rings appear nearly round ; they 
have steep sides and a single peak. Eastern rings appear lum-
pier, have less slope to their flanks, and may not be very round 
(see the work of McCartney et a/. (1978] for additional sections 
through the eastern rings). A possible explanation is that as 
the G ulf Stream passes over the New England Seamount 
C hain, it is split into filaments and made broader [Fuglister, 
1963; Vastano and Warren, 1976). Rings which fo rm east of the 
seamount chain may reflect the Gulf Stream's character at the 
time of formation and therefore look different from the rings 
formed west of the seamount chain . McCartney eta/. (1978) 
concluded t hat the eastern rings could have formed at the 
eastern extremity of the gyre, near 40°W, and moved west-
ward. 
Movement of the rings, inferred from repeated sightings and 
sometimes continuous tracking, is shown in Figure 5 (Table 2). 
For some of the rings the data are very good (B, D, J , K , and 
L), bu t for others it is spaced widely in time (A, E, F , and G) 
or nonexistent (C, H, and 1), and therefore the trajectories of 
some rings are not very reliable. The general movement of the 
rings is to the southwest with typical mean speeds of 3-4 km/ d 
This is in agreement with the results of Lai and Richardson 
(1 977] based on a larger sample of rings. Apparently, few rings 
penetrate below 30°W except in the extreme western region, 
where they a re found extending south to the Bahama Islands. 
Ring A was foun d attached to the Gulf Stream and presum-
ably coalescing with it. The following is a brief description of 
each ring. 
Ring A. Ring A was well surveyed by XBT in May 1975. It 
appears to be attached to the Gulf Stream and may be coalesc-
ing with it as another ring is bel ieved to have done [Richardson 
et a/., 1973). Two possible earl ier sightings (Table 2) indicate a 
possible southwestward movement. 
R ing B. Ring B was tracked from Ju ne 1974 to June 1975 
by successive XBT surveys and satellite I R images and from 
October to January, 1974, by Sofar floats [Cheney eta/., 1976]. 
Ring C. Ring C was observed with o nly one XBT section 
across it, and thus its size a nd shape remain in question. 
Ring D. Ring D is one of the best studied rings to date. It 
was firs t observed in March 1975 and was tracked until Febru-
a ry 1977 with repeated ship and ai rcraft surveys, satell ite I R 
images, and a free dri fting buoy. There is good evidence for a 
mean southwestward movement at 3 em s- 1, at least until ring 
D reaches the vicinity of the Blake Bahama Outer Ridge and 
Blake Escarpment, where the movement became erratic and 
difficult to fo llow. 
Ring £. Ring E is a small ring, possibly one first observed 
on Knorr 48 in April 1975. There are severa l possible sightings 
which suggest that ring E also had a mean southwestward 
movement. 
Ring F. Ring F is a large ring which moved westward after 
its initia l observation in November 1974. M cCartney et a/. 
[1978) have described in detail the movement, velocity, and 
density structure of this ring. 
Ring G. Ring G was observed with only two north-south 
XBT lines in March which ·were made 10 days apart. The data 
were interpreted as indicating a single ring whose center lies 
between the XBT lines. The size and shape of ring G remain in 
doubt. Evidence for the movement of this ring is slight and 
consists of three possible sightings over 7 months. 
Ring H. Ring H was observed with only one north-south 
XBT line, and it was contoured with the assumption that it 
was symmetrical. Ring H was observed to have two peaks like 
other rings in the eastern region [McCartney eta/., 1978]. 
Ring f . Ring I was observed by an XBT crossing in its 
northwest quadrant. Its size and shape are largely extrapo· 
lated. The amplitude of ring I is not great, 100-150 m , but the 
XBT lines could have missed its center, and therefore this ring 
could be considerably more intense than is shown. 
Ring J. Ring J was first seen on December 31, 1974, near 
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TABLE 2. Repeated Observations of the Rings TABLE2. (continued) 
Position Position 
Date ON ow Source or Platform Data Date ON ow Source or Platform Data 
Ring A Ring F 
Feb. 15, 1975 30.5 76.5 NOAA/NESS satellite 1R Nov. 15, 1974 34.8 56.5 Knorr43 XBT 
March 23, 1975 30.5 78.5 NOAA/ NESS satellite IR Jan.24, 1975 34.6 59.8 Chain liB XBT 
May 26, 1975* 28.6 78.4 Trident 168 X BT March 25, 1975 34.2 62.7 Knorr48 XBT 
April 30, 1975 33.6 64.0 Knorr49 X BT 
Ring 8 Mayl,l975 33.0 64.3 current meter velocity 
June 17, 1974 34.2 65.0 S ea Venture XBT J une 17, 1975 34.0 65.0 NAVOCEANO AXBT 
July 15, 1974 33.5 66.0 Sea Venture XBT J uly 5, 1975* 34.1 64.3 Lynch 708-75 XBT 
Ju ly 29, 1974 34.0 66.3 Sea Venture XBT Sept. 15, 1975 33.8 68.0 Chain 127 XBT 
Aug. 12, 1974 34.2 66.8 Sea Venture XBT Oct. 16, 1975 33.0 67.5 NAVOCEANO AXBT 
Sept. 29, 1974 32.5 69.0 Lynch 708-75 XBT,STD Oct. 16, 1975 33.3 67.0 Eastward XBT 
Sept. 29, 1974 32.5 69.0 
to to to Ring G 
Dec. 15, 1974t 33.5 73.0 Oct. 15, 1974 37.8 56.5 Knorr48 XBT 
Jan. 22, 1974 33.5 74.7 NAVOCEANO satellite 1R March 24, 1975 35.8 59.5 Knorr48 XBT 
Jan.27, 1975 32.5 74.3 NOAA/ NESS satellite IR May 17, 1975* 35.2 6 1.5 Knorr49 XBT 
Feb. 12, 1975 32.0 75.0 NOAA/NESS satellite 1R 
March 23 , 1975 31.0 75.6 NOAA/ NESS satellite IR Ring H 
April 9, 1975 31.2 75.2 Duane, Lynch, STD,XBT March 25, 1975* 35.5 56.4 Knorr48 XBT 
Advance 1/ 
April 26, 1975 30.5 76.0 NOAA/ NESS satellite IR Ring l 
June I, 1975* 31.3 74.2 Trident 168 XBT April 3, 1975* 30.5 56.5 Knorr48 XBT 
Ring C Ring J 
July2, 1975 34.5 73.3 Lynch 708- 75 XBT Dec. 31, 1974 41.3 62.0 NOAA/NWS satellite IR 
(vol.l , no.l2) (first formed) 
Ring D J une 29, 1975* 39.0 7 1.0 Lynch XBT 
March 24, 1975 36.5 66.2 NOAA/ NESS satellite IR Nov. 5, 1975 36.0 74.0 NAVOCEANO satellite IR 
April 10, 1975 36.5 66.7 NAVOCEANO AXBT (coalesced) 
April 24, 1975 36.0 66.8 NOAA/ NESS satellite IR 
May 12, 1975 35.7 67.2 NOAA/ NESS satellite IR Ring K 
May21 , 1975 35.7 67.7 NAVOCEANO AX BT April IS, 1975 40.2 63.5 NAVOCEANO satellite 1R 
June 7, 1975 35.9 68.3 T ridelll 168 XBT, CTD (first 
June l7,1975 35.5 68.5 NAVOCEANO AX BT observed) 
June 25, 1975* 35.4 68.6 Lynch 708-75 XBT, STD June 22, 1975* 39.5 67.1 NAVOCEANO satellite IR 
JulyS, 1975 35.7 69.5 NAVOCEANO X BT July 6, 1975* 39.5 67.7 NAVOCEANO satellite IR 
Aug. 8, 1975 34.6 69.9 Chain 125 XBT Dec. 20, 1975 35.5 74.5 NAVOCEANO satellite IR 
Sept. 3, 1975 35.2 70.0 NAVOCEANO So far float (coalesced) 
Sept. 10, 1975 35.3 70.7 Chain 127 XBT 
Sept. 26, 1975 34.5 70.7 NAVOCEANO So fa r float Ring L 
Oct. 14, 1975 34.8 70.8 NAVOCEANO AXBT March 19, 1975* 41.1 59.0 NOAA/ NESS satellite IR 
Oct. 14, 1975 35.0 71.0 Eastward X BT (first formed) 
Nov. 20, 1975 33.9 71.9 Knorr 53 X BT March 24, 1976 36.5 73.0 NAVOCEANO satell ite IR 
Jan. 6, 1976 33.8 73.0 NAVOCEANO satellite IR (coalesced) 
Jan. 13, 1976 33.6 73.2 NAVOCEANO satellite IR 
Feb.5, 1976 33.5 73.6 NAVOCEANO satellite IR Warm rings can be followed throughout their lifetimes with satellite 
Feb. I I, 1976 33.5 73.7 NAVOCEANO satellite IR I R imagery; trajectories in Figure 5 were determined primarily from 
Feb. 14, 1976 33.8 73.8 NAVOCEANO AXBT NA VOCEANO [1975]. Additional position information has been 
Feb.25, 1976 33.7 73.4 NAVOCEANO satellite IR found in Gulf Stream (December, 1975) and in Bisagni's [1 976] report. 
Feb.29, 1976 33.7 73.3 NAVOCEANO satellite IR *Observations used in Figure I. 
March I, 1976 33.6 73.6 NAVOCEANO satellite IR tTracked by Sofar noats [Cheney et a/., 1976]. 
March 7, 1976 33.0 73.5 NAVOCEANO satellite IR :j:Tracked by free drifting satellite buoy. 
April24, 1976 32.5 74.0 NAVOCEANO satellite IR 
May 20, 1976 32.2 75.0 NAVOCEANO satellite IR 
June 7, 1976 31.8 75.5 Oceanus 7 X BT 41.3°N, 62.0°W and last seen on November 5, 1975, coalescing 
June 7, 1976 31.8 75.5 with the Gulf Stream off Cap e H atteras near 36.0°N, 74.0° W . 
to to to An isothermal, 15.5°C layer formed by winter cooling ex-
Sept. 10, 1976:j: 31.9 75.1 
Sept. 20, 1976 32.3 75. 1 Wilkes XBT, STD tended from 70 to 430 m at its center when it was observed in 
Oct. 5, 1976 32.3 74.2 NAVOCEANO satellite IR June 1975. 
Dec. 17, 1976 31.0 75.3 NAVOCEANO satellite IR Ring K. Ring K formed fro m the mea nder s hown in Figure 
Feb. 23, 1977 30.0 75.3 NAVOCEANO sate llite IR I along 62°W in mid-April 1975 near 40.2°N , 63.5°W. It 
RingE 
moved southwestward a nd coalesced with the Gulf Stream by 
April II, 1975 35.9 64.5 Knorr48 XBT the end of December 1975 near 35.5°N, 74 .5 ° W. Ring K was 
April24, 1975 36.0 64.5 NOAA/ NESS satellite IR observed solely with satellite IR images. 
June 28, 1975* 37.0 66.5 Lynch 708- 75 XBT Ring L. Ring L formed in mid-March 1975 near 41.1 °N, 
July4, 1975 36.5 66.4 NAVOCEANO satellite IR 59.0°W . It moved southwestward, possibly coalescing wit h the 
Aug. 4, 1975 36.0 67.0 NOAA/ NESS satellite 1R 
Sept. 2, 1975 35.2 67.0 Gulf Stream Gulf Stream a nd reforming again in M ay 1975. By March 24, 
Sept. 30, 1975 35.0 67.7 Gulf Stream 1976, it h ad coalesced with the Gulf Stream near 36.5°N, 
Oct. 16, 1975 34.2 66.6 NAVOCEANO AXBT's 73 .0°W. Ring L was o bserved solely with satelite IR images . 
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Fig. 5. Inferred trajectories of the rings. Trajectories are based on successive observations and reasonable velocities (see 
text). 
DIS CUSSION 
For the first time a 'weather map' has been prepared for a 4-
month period of the western North Atlantic Ocean. The map 
shows the location o f the Gulf Stream and the distribution of 
warm and cold core rings. Two important questions about this 
map need to be answered. The first is how much distortion 
occurs in the map due to movement of the features during the 
4-month period over which the data were obtained. The sec-
ond is whether it represents typical o r anomalous conditions. 
The map can be divided into four regions in which the data 
can be considered synoptic, e.g., the movement of the major 
features (rings) was relatively small compared to the size of the 
features. A potential problem occurs where the edges of these 
regions meet. The worst difficulty is between regions I and IV 
where there is a gap in time of II weeks. The Gulf Stream did 
not appear to make large shifts across this boundary except for 
the formation of ring K. There was apparently a westward 
movement of the rings, but no ring moved so far as to be 
shown twice. The effect of the time jump between regions I and 
IV is to spread out the rings in an east-west direction. If the 
western region had been surveyed first, the rings would have 
appeared more crowded. One can imagine that if region I had 
been surveyed 4 months later, the whole pattern could have 
moved west, and an additional ring could have moved into the 
region . 
We have compared Figure I with other, more limited XBT 
surveys and satellite IR data for other periods of time and 
conclude that it represents a rather typical picture of the Gulf 
Stream system. The region to the north of the Gulf Stream 
frequently has three rings in it as seen on satellite infrared 
images. However, at times, no rings can be seen there, and at 
other times, as many as six rings can be identified. The few 
occasions for which simultaneous satellite IR and XBT mea-
sur!m~nts exist, for example, during June 1975, have con-
firmed our identification of rings with infrared images. 
Rings to the south of the Gul f Stream are not easily detect-
ab le on satell ite I R images, and we need to depend on deep 
XBT's, CTD's, or hydrographic stations. Recent data in the 
1970's tend to confirm that the distribution of cold core rings 
shown in Figure I is typical, or at least is not anomalous [Lai 
and Richardson, 1977; McCartney eta/., 1978]. 
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